Abstract Dendritic cell-specific intercellular adhesion molecule-grabbing nonintegrin-related protein (DC-SIGNR) is a type II transmembrane protein which has been reported to bind a variety of pathogens as well as participate in immunoregulation. But the association between the level of DC-SIGNR and lung cancer is unknown. To investigate the clinical diagnostic significance of DC-SIGNR in lung cancer, we investigated serum DC-SIGNR levels in 173 lung cancer patients and 134 healthy individuals using enzyme-linked immunosorbent assay (ELISA). Results showed that serum DC-SIGNR levels in lung cancer patients were lower than that in healthy controls (P = 0.0003). A cut-off value of 3.8998 ng/L for DC-SIGNR predicted the presence of lung cancer with 78.03 % sensitivity and 49.25 % specificity (area under the curve = 0.6212, P = 0.0003). Strikingly, serum DC-SIGNR levels were significantly higher in lung cancer patients with brain metastasis compared to those without metastasis (P = 0.0283). Moreover, the serum concentrations of DC-SIGNR in lung cancer patients also correlated significantly with serum natural killer cells percentage (P = 0.0017). In addition, immunohistochemistry assay demonstrated that the expression of DC-SIGNR in lung tissues of 31 lung cancer patients and 13 tuberculosis patients was significantly lower than that in 18 normal lung tissues (P = 0.0418, 0.0289), and there is no significant difference between tuberculosis tissues and lung cancer tissues (P = 0.2696). These results suggest that DC-SIGNR maybe a promising biological molecule that has the potential for clinical research of lung cancer, whereas its underlying roles are needed to be investigated in further studies.
Introduction
Lung cancer is the leading cause of cancer death worldwide among men and the second leading cancer site in women [1] . The high mortality rate of this disease is primarily due to the difficulty of early diagnosis, the high metastatic potential, and the poor responses to chemical therapy and radiotherapy [2] . Unfortunately, the unclear etiology of lung cancer presents a huge challenge for the treatment of lung cancer. Many groups' results showed that smoking is the most important modifiable risk factor for lung cancer [3] [4] [5] . Otherwise, lung cancer susceptibility is also determined by host genetic factors [6, 7] . Infection may play a role in lung cancer, including human papilloma virus (PPV), Epstein-Barr virus, and human immunodeficiency virus (HIV) [8] [9] [10] . In addition, there are some biological molecules correlated with the risk of lung cancer such as P-selectin [11] and chondrolectin (CHODL) [12] . Other known risk factors for lung cancer include exposure to Electronic supplementary material The online version of this article (doi:10.1007/s11010-015-2465-4) contains supplementary material, which is available to authorized users. several occupational and environmental carcinogens such as asbestos, arsenic, and polycyclic aromatic hydrocarbons [13] .
Recent studies from several groups suggest that lectins may play an important role in a variety of physiological and pathological processes, typically with tumor progression and metastasis. For example, Läubli and Borsig [14] reported that selectins were upregulated the pulmonary metastatic microenvironment is facilitated by P or L-selectin mediated interactions between tumor cells and blood components, which can significantly reduced metastasis. Other groups results also showed that high mannose-binding lectin (MBL) levels were associated with poorer lung cancer survival [15] , and low MBL levels increased gastric cancer risk [16] . Additionally, liver sinusoidal endothelial cell lectin (LSECtin) can adhere to colorectal cells and plays an important role in colorectal carcinoma liver metastasis [17] . Recently, our laboratory has been reported that DC-SIGN and DC-SIGNR are low expressions in patients with nonHodgkin's lymphoma (NHL) and could be potentially useful in NHL clinical settings [18, 19] . DC-SIGN and DC-SIGNR are novel blood-based molecular markers which can potentially be used for the diagnosis of early stage of colon cancer patients [20] . Therefore, we are interested in the expression of DC-SIGNR in lung cancer patients.
DC-SIGNR, a closest homologues to the C-type lectin superfamily members DC-SIGN, LSECtin, and CD23, which consists of an N-terminal cytoplasmic tail, a transmembrane domain, an extracellular C-terminal neck region, and a C-type carbohydrate recognition domain (CRD) [21, 22] . The CRD domain of DC-SIGNR can interact with high mannose carbohydrates, and the neck domains that support the CRD may influence the ligand-binding properties of these lectins, and the intra-cellular domain located in the cytoplasmic tail containing recycling and internalization motifs [23] . DC-SIGNR is highly expressed on liver sinusoidal endothelial cells, lymph node endothelial cells, and a significant proportion in terms of placenta capillary endothelial cells but was not expressed in peripheral bloodderived DCs [24] . Furthermore, DC-SIGNR is also expressed in the lung in both cytokeratin positive alveolar epithelia, as well as a subset of cells that co-expressed angiotensin converting enzyme-2 (ACE2) but were negative for cytokeratin [25] . Like DC-SIGN, DC-SIGNR can recognize and bind several pathogens, including viruses, bacteria, fungi, and parasites [26] . DC-SIGNR also recognizes endogenous ligands, such as ICAM molecules [27] , although their glycan epitopes have not been fully characterized. However, the role of DC-SIGNR in lung cancer was not been elucidated.
In our research, we compared the serum levels of DC-SIGNR between lung cancer patients and healthy volunteers using an ELISA. We found that lung cancer patients showed lower levels of DC-SIGNR compared with healthy controls and that there were correlations between serum levels of DC-SIGNR and clinical parameters of lung cancer patients. In immunohistochemistry (IHC) study, the DC-SIGNR is lower expression in lung tissues from lung cancer patients compared to those in normal lung tissues.
Materials and methods

Clinical samples
Serum samples of 173 lung cancer patients were obtained from the First and Second Affiliated Hospital of Dalian Medical University during March 2014-June 2014 and were stored at -80°C until they were analyzed. The mean age of the 173 patients was 61 years (range, 32-83 years), 102 were male and 71 were female. According to the World Health Organization (WHO) classification, the lung cancer cases consisted of small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC), the NSCLC is further divided into three major pathologic subtypes, including adenocarcinoma (ADC), squamous cell carcinoma (SCC), and large cell carcinoma [28] . Clinical staging of lung cancer patients was performed according to the IASLC Lung Cancer Staging [29] . Clinical data including gender, age, cancer stage, histological subtype, concentrations of tumor markers, and the percentage of T cell subsets were acquired from hospitalization records. The basic characteristics of these subjects were shown in Table 1 and Supplementary Table 1. The control group was composed of 134 healthy blood donor volunteers. Among the healthy subjects, the mean age was 56 years (range, 24-73 years). Each healthy control performed routine physical examinations, and the results were within the normal range. Lung cancer patients and healthy individuals with various pathogen infections and poor performance status were excluded in present study.
In addition, formalin-fixed and paraffin-embedded tissues of 31 lung cancer patients, 13 lung tissues from tuberculosis patients, 18 normal lung tissues, and 9 lymph nodes from 2009 to 2015 were obtained from The Second Affiliated Hospital of Dalian Medical University. Lung tissues from tuberculosis patients and normal lung tissues were used as control groups, and normal lymph nodes were used as either positive or negative controls. The clinical data for these subjects are summarized in Table 2 and  Supplementary Table 2 .
Enzyme-linked immunosorbent assay (ELISA)
We used standard sandwich ELISA to detect the levels of DC-SIGNR in human serum. 96-well microplates were coated with 100 ll anti-DC-SIGNR goat polyclonal antibody (pAb, Santa Cruz Biotechnology, Inc., USA, Catalog Number: sc-17261) at a final concentration of 0.27 lg/ml and incubated overnight at 4°C. Washed the plates 3 times with phosphate buffered saline (PBS) containing 0.05 % Tween-20 (PBST) (pH 7.4), and the wells were blocked with blocking buffer (5 % bovine serum albumin) at 37°C for 1 h. The plates were washed three times with PBST. And then, 100 ll serum from lung cancer patients and healthy controls was added to the wells. As a negative control, 100 ll PBS was used. Each plate was incubated at 37°C for 2 h. Subsequently, PBST was used to wash the plates 3 times, and 100 ll anti-DC-SIGNR mouse monoclonal antibody (mAb, R&D Systems, Inc., USA, Catalog Number: MAB16211) diluted to a concentration of 0.5 lg/ml was added to each wells. The plates were incubated at 37°C for 1.5 h. After washing, 100 ll peroxidase-conjugated goat anti-mouse (ZSGB-BIO) was added and the plates were incubated at 37°C for 1 h. Finally, the plates were washed 3 times and incubated with 3,3 0 ,5,5 0 -tetramethylbenzidine (TMB, TIANGEN BIO-TECH CO, LTD.) at 37°C for 0.5 h, and then 2 mol/L H 2 SO 4 was added to stop the reaction. The optical density (OD) was measured at the 450 nm wavelength on a microplate reader. The quantitative DC-SIGNR concentrations were determined by comparing the optical density values with the standard curve.
The S100b levels in lung cancer patients with brain metastasis were detected by ELISA kit (WESTANG BIO-TECH, LTD). The patients who have other diseases which can affect S100b levels were excluded in this study. The concentrations of S100b were shown in SupplementaryTable 3.
Immunohistochemistry
Before being deparaffinized in xylene and rehydrated in a graded ethanol series, sections from paraffin-embedded blocks were incubated at 60°C for 30 min. Sections were washed with PBS, and then endogenous peroxidase activity SCLC small cell lung cancer, ADC adenocarcinoma, SCC squamous cell carcinoma * The n shown reflects the number of patients for whom data are available was blocked with 3 % hydrogen peroxide diluted in double-distilled water for 10 min at room temperature. Antigen retrieval was performed by heating slides in citrate buffer (0.01 mol/L citric acid, pH 6.0) for 20 min in a microwave oven. After being washed with PBS, the sections were incubated with goat serum for the purpose of blocking. Sections were incubated with anti-DC-SIGNR rabbit pAb (Abcam, Inc.) overnight at 4°C (1:250). The next day, after being washed with PBS, the sections were incubated with horseradish peroxidase-labeled anti-rabbit immunoglobulin (1:1000) (ZSGB-BIO) at 37°C for 1 h and were then washed again. Finally, all the sections were developed with 3,3 0 -diaminobenzidine tetrahydrochloride (DAB,ZSGB-BIO) within the cells and then counterstained with hematoxylin. Photographs were recorded on an Olympus BX51 microscope.
The mean density of DC-SIGNR expression was assessed using the Image-Pro Plus 
Statistical analysis
Non-parametric Mann-Whitney U test was used to determine the statistical significance among two groups. The statistical significance among more than two groups was determined with the Kruskal-Wallis non-parametric test. Correlation of DC-SIGNR values with clinical parameters was tested by the non-parametric Spearman's rank correlation coefficient test. In all tests, 2-sided P values below 0.05 were considered significant. All statistical analyses were performed using GraphPad Prism5 (GraphPad Software, Inc., San Diego, CA, USA).
Results
The levels and diagnostic values of DC-SIGNR in lung cancer patients
We detected serum DC-SIGNR levels in 307 participants, composing of 173 with lung cancer and 134 healthy controls by ELISA. The DC-SIGNR level in the serum of patients with lung cancer (14.9434 ± 0.3152 mg/ml) was significantly lower than that in healthy controls (3.4696 ± 0.2471 mg/ml) (P = 0.0003; Fig. 1a) . A ROC curve is often used to assess the power of a novel serum marker for tumor prediction. In the present study, a cut-off value of 3.8998 ng/L for DC-SIGNR predicted the presence of lung cancer with 78.03 % sensitivity and 49.25 % specificity, and the area under curve (AUC) was 0.6212 (P = 0.0003) (Fig. 1b) . Therefore, serum DC-SIGNR levels demonstrated low accuracy for the detection of lung cancer.
Serum concentrations of DC-SIGNR correlated significantly with lung cancer patients who have brain metastasis
We assessed the correlations between serum levels of DC-SIGNR and clinical data, including gender, age, cancer stage, histologic subtype, and metastasis to different organs. Strikingly, serum concentrations of DC-SIGNR of lung cancer patients with brain metastasis were higher than that without metastasis (P = 0.0283; Fig. 2b) . However, the levels of DC-SIGNR in patients with lung cancer showed no significant difference between metastasis and non-metastasis (P = 0.3887; Fig. 2a) . Furthermore, the serum DC-SIGNR levels were not significantly different between bone metastasis and non-metastasis (P = 0.3841; Fig. 2b ), lung metastasis and non-metastasis (P = 0.6744; Fig. 2b ), lymph node metastasis and non-metastasis (P = 0.9880; Fig. 2b ).
Serum concentrations of DC-SIGNR correlated significantly with serum natural killer (NK) cells percentage
Otherwise, we found that the serum levels of DC-SIGNR correlated significantly with serum NK cells percentage with the Spearman's correlation coefficient of -0.3221 (P = 0.0017; Fig. 3a) . However, there was no significant correlation between serum DC-SIGNR and CD3, with a Spearman's correlation coefficient of 0.1583 (P = 0.1713; Fig. 3b) . Moreover, serum levels of DC-SIGNR showed no association with CD4 with a Spearman's correlation coefficient of 0.0513 (P = 0.6270; Fig. 3c ). In addition, serum levels of DC-SIGNR displayed no correlation with CD8 with a Spearman's correlation coefficient of 0.0723 (P = 0.4934; Fig. 3d ).
No significant correlations were observed between serum levels of DC-SIGNR and clinical parameters, such as age, gender, cancer stage, and histologic subtype Contrary to above results, serum levels of DC-SIGNR in patients with lung cancer showed no significant difference between male and female (P = 0.5723; Fig. 4a ). Serum levels of DC-SIGNR also showed no significant difference between patients of B60 years old and patients [60 years old (P = 0.1213; Fig. 4b ). Serum levels of DC-SIGNR expressed no association with age with a Spearman's correlation coefficient of 0.0706 (P = 0.3559; Fig. 4c) . Furthermore, the serum DC-SIGNR levels were not significantly different among the stage I-II, and stage III-IV (P = 0.9299; Fig. 4d) . Additionally, for different histologic subtype, no significant difference was observed between lung cancer patients with SCLC and those with NSCLC (P = 0.6000; Fig. 4e) . Similarly, the difference of serum DC-SIGNR levels was not apparent between SCLC, ADC and SCC (P = 0.5016; Fig. 4f ).
Serum DC-SIGNR levels showed no significant correlation with S100b, carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), and CYFRA21-1
In our study, the levels of DC-SIGNR in lung cancer patients with brain metastasis is higher than that without metastasis. S100b as a marker of brain metastasis, so we compare the correlation between the two molecular. However, there is no significant correlation between DC-SIGNR and S100b, with a Spearman's correlation coefficient of 0.003847 (P = 0.9854; Fig. 5a ). In present study, serum levels of DC-SIGNR expressed no association with CEA, with a Spearman's correlation coefficient of 0.1982 (P = 0.1007; Fig. 5b) . Similarly, serum levels of DC-SIGNR were not significantly correlated with NSE, with a Spearman's correlation coefficient of -0.0709 (P = 0.3742; Fig. 5c ). Furthermore, the data also showed no correlation between serum DC-SIGNR and CYFRA21-1 levels, with a Spearman's correlation coefficient of 0.0168 (P = 0.8346; Fig. 5d ).
The expression of DC-SIGNR in lung cancer patients and tuberculosis patients was significantly lower than that in normal lung tissues
We determined the expression level of DC-SIGNR in serum. Moreover, it has been reported that DC-SIGNR is Fig. 2 Serum DC-SIGNR levels were significantly correlated with brain metastasis. The serum levels of DC-SIGNR were not significantly different between metastasis and non-metastasis (P = 0.3887) (a). Serum concentrations of DC-SIGNR were higher in brain metastasis than in non-metastasis (P = 0.0283) (b). However, the serum DC-SIGNR levels were not significantly different between bone metastasis and non-metastasis (P = 0.3841), lung metastasis and non-metastasis (P = 0.6744), lymph node metastasis and nonmetastasis (P = 0.9880) (b)
expressed in the lung in both cytokeratin positive alveolar epithelia, as well as a subset of cells that co-expressed ACE2 [25] . Therefore we want to know whether the DC-SIGNR expression in lung cancer tissues. We performed IHC analysis, using anti-DC-SIGNR pAb in 31 lung cancer tissues (1 SCLC, 16 ADC, and 14 SCC) and 13 lung tissues of tuberculosis patients, and 18 normal lung tissues were used as controls. Strikingly, the mean density of DC-SIGNR expression in the lung cancer patients and tuberculosis patients was significantly lower than that in normal Fig. 3 Correlations of serum levels of DC-SIGNR with NK, CD3, CD4, and CD8 levels. Serum DC-SIGNR levels correlated significantly with percent of NK cells in lung cancer patients (P = 0.0017) (a). Serum levels of DC-SIGNR showed no significant correlation with CD3 (b), CD4 (c), and CD8 (d) Fig. 4 Correlations of serum levels of DC-SIGNR with clinical data. Serum levels of DC-SIGNR showed no significant correlation with gender (a), age (b, c), cancer stage (d), and histologic subtype (e, f)
lung tissues (P = 0.0418, 0.0289). But, there is no significant difference between tuberculosis tissues and lung cancer tissues (P = 0.2696) (Figs. 6, 7) . The normal lymph nodes of tumor patients were used as positive controls and negative controls.
Discussion
The expression of DC-SIGNR mainly occurs in infective diseases, such as acquired immune deficiency syndrome (AIDS) with HIV infection, hepatitis C infection disease, and Ebola virus infection disease [26] . Recently, our laboratory reported that DC-SIGNR expression is lower in patients with NHL than in healthy individuals and higher expression in colon cancer patient serum [18, 20] . To extend the knowledge of the possible clinical applications of DC-SIGNR, we studied the serum levels of DC-SIGNR in patients with lung cancer, and we also studied the expression and location levels of DC-SIGNR in lung cancer tissues. Our study demonstrated that serum levels of DC-SIGNR in lung cancer patients were significantly lower than those in healthy individuals. Furthermore, we found that the serum DC-SIGNR levels correlated significantly with brain metastasis and serum NK cells percentage in lung cancer patients. Brain metastasis as one of the most dreaded complications of lung cancer has a poor prognosis [30] . Up to 50 % of lung cancer patients develop brain metastasis during their course of disease [31] . The occurrence of brain metastasis is associated with poor prognosis and high morbidity in patients with advanced lung cancer, even after intensive multimodal therapy [32] . Furthermore, little is known about the pathobiology and the molecular mechanisms involved in the brain metastatic cascade which limits the possibilities for focused drug development and clinical trial [33] . S100b and ProApolipoprotein A1 as a serum marker of brain metastasis in lung cancer have been investigated in a recent study [34] [35] [36] . In our study, the DC-SIGNR levels in lung cancer patients with brain metastasis are significantly higher than those without metastasis. So, we compared the correlation between serum DC-SIGNR and S100b levels. However, there is no significant correlation between them. S100b which is a protein found in astrocytes and only released into serum when the blood-brain barrier is breached [37] . The expression of DC-SIGNR in brain tissues is still unknown. Thus, we guessed that the two molecular may have a difference mechanism to affect the brain metastasis of lung cancer and it can be investigated in further study. We also compared the serum levels of DC-SIGNR in bone, lung, and lymph nodes metastasis with non-metastasis, respectively. But we found no significant difference between them.
Natural killer (NK) cells, as a major component of the innate immune system, can limit the growth and dissemination of several types of tumors [38] . Unlike T cells and B cells, NK cells can directly exert cellular cytotoxicity on tumor cells without prior sensitization and secrete immunostimulatory cytokines, which control both local tumor growth and metastasis [39] . An epidemiologic survey showed that low NK cell activity is associated with increased cancer risk [40] . Numerous studies have demonstrated that the infiltration of NK cells appears to have prognostic value in gastric carcinoma [41] , colorectal carcinoma [42] , and lung carcinomas [43, 44] , as a relatively higher level of NK cell infiltrate correlates with a better prognosis, thus suggesting relevant protective roles for NK cell infiltrate. In the present study, we detected a significantly negative correlation between serum levels of DC-SIGNR and serum percentage of NK cells in lung cancer patients. The molecular mechanism for this negative correlation is not yet known. On the contrary, we found no significant correlations between serum levels of DC-SIGNR and serum percentage of CD3, CD4, and CD8 in the present study.
In order to know the DC-SIGNR whether it has the ability to distinguish the benign and malignant diseases of the lung, we choose tuberculosis (TB) patients, which results in mycobacterium tuberculosis infections as a benign disease group. Mycobacterium tuberculosis can targets DC-SIGN to inhibit the immuno-stimulatory function of DC through the interaction of the mycobacterial mannosylated lipoarabinomannan (ManLAM) to DC-SIGN [45] . Like DC-SIGN, DC-SIGNR also can capture Man-LAM and rapidly internalizes it to lysosomes, and may be involved in the clearance of mycobacteria [45] . Tailleux L et al. [46] showed DC-SIGN present in the alveolar CD11b
? MUs in the lungs of patients with TB. In present study, we found the DC-SIGNR expression in lungs of patients with TB. However, there was no significantly difference between the DC-SIGNR expression in lung cancer tissue and tuberculosis. Strikingly, both of them are lower than those in normal lung tissues.
In summary, we have shown that the serum level of DC-SIGNR is a promising marker to help distinguish lung cancer patients from healthy individuals. Additional studies are warranted to assess the potential value of DC-SIGNR in vivo. These studies will most likely make DC-SIGNR a useful biological molecule for clinical research on lung cancer mechanisms in the future.
Compliance with Ethical Standards The study was approved by the Research Ethics Committee of Dalian Medical University, and . Normal lymph node tissues were used as a negative control (i-j) Fig. 7 Semi-quantitative image analysis of DC-SIGNR expression in tissues. The graph displays a scatter plot of the levels of DC-SIGNR expression in lung tissues from lung cancer patients, tuberculosis patients, and normal controls. There was a statistical significance in IHC for DC-SIGNR expression between lung cancer tissues and normal lung tissues (P = 0.0418), tuberculosis tissues and normal controls (P = 0.0289). There was no significantly difference between lung cancer patients and tuberculosis patients (P = 0.2696). DC-SIGNR expression in lung cancer patients was lower than in normal lung tissues informed consent was obtained from all participants, in agreement with institutional guidelines.
